Basal hadrosauriform iguanodontian dinosaurs have been invaluable towards understanding the evolution of the complex and highly efficient advanced hadrosauriform tooth battery dental system. Here we report a new basal hadrosauriform maxilla specimen -IVPP V22529 -from the Dashuiguo Formation of Maortu, Nei Mongol, China that preserves a corrugated middle ventrolateral margin that differs from the straight and undulating ventral margins found in most iguandontian and non-iguanodontian dinosaurs. The uniqueness of this ventrolateral margin relates to a new dental structure -cementum 'jackets' that wrap about the labial sides of the teeth. To our knowledge this is the first time that cementum has been described migrated onto the tooth crowns of iguandontians (and other dinosaurs), but this trait is common amongst mammals. This dental morphology -seen in a similar form in the basal hadrosauriform Equijubus -therefore broadens our knowledge of iguanodontian maxillary anatomy and shows that the basal hadrosauriform dental system was more morphologically complex than previously thought. IVPP V22529 resembles maxillae specimens of Probactrosaurus gobiensis, a contemporaneous taxon known from the same locality in North China, in sharing an inferred subtriangular shape, a relatively flat lateral surface bearing a low row of foramina as well as similar-looking teeth.
Probactrosaurus maxillae specimens. It is clear though that IVPP V22529 is different from the more advanced Northern Chinese hadrosauriforms Bactrosaurus and Gilmoreosaurus.
The latter lack well-developed maxillary grooves on their medial shelves, unlike IVPP V22529, but all three taxa possess less-developed ones on the medial surfaces of the anteromedial processes of the anterior ramii. Different to IVPP V22529, Gilmoreosaurus also has foramina that are more highly-positioned on the lateral surface of its maxilla as well as a row of larger and more circular 'special' foramina on its medial surface. Thus, at this time, IVPP V22529 is identified as a basal hadrosauriform and not as a new genus or as a new species of Probactrosaurus.
Insights into iguanodontian dental architecture from an Early Cretaceous Chinese basal hadrosauriform maxilla (Ornithischia: Iguanodontia)
Michael Pittman, Xing Xu, Jason R Ali, Rui Pei, Waisum Ma, Jin Meng, Shundong Bi Basal hadrosauriform iguanodontian dinosaurs have been invaluable towards understanding the evolution of the complex and highly efficient advanced hadrosauriform tooth battery dental system. Here we report a new basal hadrosauriform maxilla specimen -IVPP V22529 -from the Dashuiguo Formation of Maortu, Nei Mongol, China that preserves a corrugated middle ventrolateral margin that differs from the straight and undulating ventral margins found in most iguandontian and non-iguanodontian dinosaurs. The uniqueness of this ventrolateral margin relates to a new dental structure -cementum 'jackets' that wrap about the labial sides of the teeth. To our knowledge this is the first time that cementum has been described migrated onto the tooth crowns of iguandontians (and other dinosaurs), but this trait is common amongst mammals. This dental morphology -seen in a similar form in the basal hadrosauriform Equijubus -therefore broadens our knowledge of iguanodontian maxillary anatomy and shows that the basal hadrosauriform dental system was more morphologically complex than previously thought. IVPP V22529 resembles maxillae specimens of Probactrosaurus gobiensis, a contemporaneous taxon known from the same locality in North China, in sharing an inferred subtriangular shape, a relatively flat lateral surface bearing a low row of foramina as well as similar-looking teeth.
However, the presence of a unique corrugated middle ventrolateral margin in IVPP V22529, a low row of foramina on its lateral surface that also open anteriorly and increase in size posteriorly as well as a prominent medial shelf suggests that this specimen does not belong to P. gobiensis. However, these differences could conceivably be related to ontogenetic and sexual variation, which have not been fully documented in P. gobiensis. Probactrosaurus gobiensis .
75
Maortu is the type locality of three dinosaurs: the non-euhadrosaurian hadrosauriform
76
Probactrosaurus gobiensis [this study follows the ornithopod 77 classification of Norman (2015) ], the advanced non-carcharodontosaurine [Norman, 1998 ] and Batyrosaurus rozhdestvenskyi ) and a
98
Thai specimen identified to a higher taxonomic level (Siamodon nimngami; Buffetaut & 99 Suteethorn, 2011; nomen dubium: Norman, 2015 2), but most are devoid of any internal layering, apart from a few that fine upwards. The 141 depositional setting is inferred to be a lake margin, the cross-bedded horizons probably 142 marking a time when a stream or small river, quite probably ephemeral, was discharging into 143 the system.
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Description and Comparison
148
IVPP V22529 is an isolated right iguanodontian maxilla that is missing its posterior ramus and 149 has a broken anterior one (Fig. 3) . This section first describes the specimen's dentition and 150 compares it with other iguanodontians because this portion of the maxilla contains the most 151 diagnostic and unique information in this specimen. Then, the maxillary body will be 152 described and compared with other iguanodontians. Replacement crowns Figure 5 . IVPP V22529 appears to be a hadrosauriform iguandontian because it has at least 197 two replacement teeth (Norman, 2015) . This is indicated by a heavily worn tooth (right) that 198 is supported by a replacement tooth, which is adjacent to a tooth that had just started to wear 199 before the animal died.
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One replacement crown is observed in five positions along the tooth row (Fig. 4) which is the first to be described amongst dinosaurs to our knowledge -originates within the 274 tooth socket and extends below the crenulated ventral margin of the maxilla to form a 275 corrugated ventrolateral surface created by the grooves that separate each 'jacket'.
277
Below the five middle maxillary crowns at the broken posterior end of the specimen, the 278 labial side of each tooth appears to be tightly enveloped by smooth to a slightly rugose 279 material (Fig. 8) . These bone-like sheaths do not form a continuous surface and appear 280 separate from the walls of the tooth socket. They extend beyond the crenulated ventral 281 margin of the lateral surface, but begin beneath the socket walls themselves as revealed 282 through a broken portion of the wall (Fig. 8) . The separation of this structure from the tooth 283 socket walls and its non-uniform roughened texture suggests that it is cementum (Fig. 8) . (Fig. 9) shows similar greeny fluorescence colours for the 306 unknown structure, dentine and maxillary bone, but a vivid orange colour for the enamel.
307
This is interesting because all of these materials are varieties of fossilised hydroxylapatite 308 (the ligaments are expected to have been ossified prior to fossilisation), but clearly there is a 309 marked mineralogical difference between the fossilised enamel and the other fossilised 310 materials that is probably related to mineral density. Thus, the unknown structures are 311 proposed as cementum 'jackets' given the current evidence available.
313
To our knowledge these cementum 'jackets' have not been described amongst 
Tooth orientation
325
The maxillary tooth row follows a laterally concave path (Fig. 4) . The slightly worn and 326 unworn teeth appear to be posteriorly inclined whilst the heavily worn teeth are anteriorly 327 inclined, but the latter appears to be an artefact of the fragmentation of the bone sockets 328 holding them in place (Fig. 3) . Thus, the specimen's tooth orientation is considered to be 
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The medial shelf (Fig. 11) A relatively straight portion of the dorsal margin is preserved occupying around three-358 quarters of the specimen's preserved anteroposterior length (Figs. 2, 11 ). This makes an ~30̊ (Norman, 2015) .
378
The anterior portion of the maxilla appears to be subtriangular (Figs. 2, 11, 13) , as in most 
381
The anterior maxillary ramus of IVPP V22529 is forked into a pointed anteromedial process 382 at around the same level as the incompletely preserved anterolateral process (Figs. 2, 11, 13 ).
383
Owing to the incomplete preservation of the latter process (Figs. 2, 11, 13 ), the relative length (Fig. 13) , as in non-hadrosaurid iguandontians. 
404
Halfway up the medial side of the maxilla there is a well-developed medially projecting shelf 405 that originates from the dorsomedial portion of the anterior ramus (Fig. 11) . Subhorizontal 
426
The mediolateral width of the medial shelf is affected by dorsoventral diagenetic 427 compression, as evident from bone fragments that are thrusted upon each other (Fig. 11) .
428
However, the exact extent of this diagenetic artefact is unclear because a compression- angled slightly dorsoposteriorly (Fig. 11) . In contrast, Probactrosaurus was described by 435 Norman (2002) as having a vertical and planar medial wall.
437
The entire posterior portion of IVPP V22529 is missing so the morphology of the jugal-438 maxilla suture is unknown (Figs. 2, 11) . In Altirhinus (PIN 3386/7; Norman, 1998: Fig. 6A) 439 the jugal sutural surface is a finger-like process that fits into a slot in the anterior ramus of the The lateral surface of the maxilla is relatively flat, a trait that is undoubtedly influenced by 453 the fragmentation of the specimen (Figs. 2, 15 ). Ventral to the dorsal process is a broad 454 shallow groove (Figs. 2, 12 ). There is a low scattered row of five anteriorly-opening 455 neurovascular foramina on the lateral surface that increase in size posteriorly (Fig. 15) . These how important these cementum 'jackets' were in iguandontian dental system evolution. forces and/or the stress on the brittle tooth crests, but these hypotheses and confirmation of 571 'jacket' composition and morphology would greatly benefit from future histological analysis 572 and biomechanical studies that were beyond the scope of this study. Despite, the further work 573 required, IVPP V22529 provides important new insights into the dental architecture of basal 574 hadrosauriforms that deepens our understanding of the morphological diversity that preceded the revolutionary advanced hadrosauriform dental battery system (Erickson et al., 2012 
